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= (54) Titie: CURRENT DRIVE CIRCUIT AND DISPLAY COMPRISING THE SAME, PDCEL CIRCUTT, AND DRIVE METHOD 



(57) Abstract: A display including a 
current drive circuit capable of supplying 
a desired current to a light-emitting 
element in each pixel stably and accurately 
irrespective of the characteristic variations 
of active elements in the pixel, thereby 
providing a high-defmition image. Each 
pixel is composed of a receiving transistor 
(TFT3) for receiving a signal current (Iw) 
from a data line (data) when a scanning 
line (scanA) is selected, a converting 
transistor (TFTl) for converting the 
current level of the received signal current 
(Iw) to a voltage level and holding the 
voltage level, and a driving transistor 
(TFT3) for allowing a drive current having 
a current level corresponding to the held 
voltage level to flow through light-emitting 
clement (OLED). The converting thin film 
transistor (TFTl) generates the converted 
voltage level at its gate by allowing the signal current (Iw) through its channel, and a capacitor (C) holds the voltage level at the gate 
of the transistor (TFTl). The transistor (TFT2) allows the drive current having a current level corresponding to the voltage level 
held by the capacitor (C) to flow through the light-emitting element (OLED). 
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-5 (D©:^Maoi^m^cD7^ X >^ u ^ ommmm-v^^ tzib. r^r-^^ 

mf-h mmn^^ v^yyjT.i^ co—mvtb ^nmv'yy'^:^^^ ^xrTYTt 
^^<m^f)^$>^') izx^xmm-r^o c(DT:^-r^yv h u ^'x:^^®w^el 

7^>f xyU-YliM;t{i#§fl¥8 - 2 3 4 6 8 3 nxiJ 0. 

TFTi. f^-<DMJ^h^ yi^y^^TFT 2:BLaw:^^MCi}^^^i^o m^m^ 

It^W^jLU^ hoJll^y'^y:^ (EL) ^^^-Cfe^c W^EL^-?{i^<0^ 
^SiJfe^T&^&'S^^i*^ OLED (W^^^y^:t-K) t P^litlS - 0. 
0-ClilB3fe^^OLEDtb-C3^'<:t-K©^^*ffl<'^tl>'5o mU lg^^^ 

lile^-r b t) o l e d t> o-eti^f < . ^^(cgsn^ J: ^ t]^^7&^^ 

f^^OLEDCDry- K (RiS) tiVdd (Ha^.^fi) izm^^ti^-yj. iJ^J 

a t atrJ^JKIflg^^-rT^-i^mfiVw^Enfin^^i:. TFTl;??^#ilU 
^* C ;!^^mX{±Scm$ n. TFT20y-h Etitix - mfic V w(r-|J[-r 5 

^6ij,;:^_^i^da t a.i3-^m^m^n^t\ TFT2©y- hmtili^^^fi 
C o T^^tw^^ $nSo TFT2^^ hX%±m^ Oh ED Km^fi^nM 
TFT2cr)y-h/V-xramffiVgstrj;t:b/ifltt:^i:0, SI^^^OLE 
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o L E D iz^M^mmmmxh^o t f t 2 fimm^i^-^mi^-r^^ot-r^ t 
, I d s {tKiT(D^'^m^n^o 

I ds=/x • Cox •W/L/2 (Vgs-Vth) ^ 
= /z • Cox ■ W/'L/2 (Vw-V t h) ^ 2 - (D 
c::-eCox{i#<i®«Sf3CDy- h?g4-C^0. J[i^T©^T'-^^^n^o 
Cox=eO'er/d — (2) 

(1) (2) V t h{iTFT2 0|ii<t^^L'. /^li^i-UTO^ 

(1) ^trj:nu. mm^m^i2<tsm.&ywiz^^x\ ds^M^-c^. i^m 

thX^^m^OLEDOmm^mmX^^CLtKfl^o C^-C, TFT2^ia 
5ftJ^«-Ci6f^$^i:'SSfili2>C©ilD-e*So EP"^. ^^mm::^l-X\t I d s li 

a6> OLED©#14{i^o$CJ:!3Vd sTi^^Klt-Cfe. Hlf^fi©«mSfE I d 

;&^Tx.{^. ^(c^^six.^n^^-c-^s-y-^^'^i' c-t^u-is) ©r^. ole 

D {i-^©J^Jg-t!^3fc^i^i^-r So c © i: -5 /jrif^^S 2CDj;-5tcvh';^'::^t^ 

02tc^f tJ^3^ecDg^^Sli. flff^©^3E-9->ri7;U (^^.I^NTSC^ 

t&irtJ^o/c:7U-/s^^) T'®^2 5^il^-rs^^«>®^^^s can 17!;^s 

-3^*gda t a t^i^vhU ^x^^<::e2^$*i''Cl>'5o ^3E^s can 17!jSs c 
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a nN(i^^^^ibllISS2 1 jr^^^ns-:^. i^-^md a t ait^-^^^ 
16111^2 2 (C^^^^nSo ^^mmW}mn2 UZX^Xm^^s canlJ^Ms 
c anN^m^m^Lts:fj<ib. y^- ir^mmmm2 2^ZJ,^Xi=--^^d a t a 

13 3 1*; ^2(r^bfciii^2 5©»r®lgit^^^te^{'^l-T:''^^o mU 071^ 
^^^iZ-t^fcib. 0LEDtTFT2cD^^|gbrv>^o OLED(*. ^^JS 
SI 0. Wt^ELMl 1 3StCJf^MliS 1 2>&JiStcfila/^feO-efe^o S^jmS 1 

0 \tmmm^z^m LT*>'0OLEDcDTy-Kt brmg i^J^ti I T O 
mmmmmf^^^^i^o ^mm.mi zitmrnrnT^mm^^tixi^o. oledo 

o(D±iziE^mmmt\.xDi amyne^mmb. ^(Dji^zm^mmm thx 

Al q3^^«U ^iZ^O±\Zi7^J-y cm^^A^s) tbT^tB-r^^M 
2^fiS:lii-rSo I^.Alq3t*>8-hydroxy quinolin 
e aluminum^^bTl^6o c cD J; ^ /<CS»^itm^ O L E Dli- 
0iJtri©^/^H^. ^7&^^«liUc^W-r ^ 0 L E Dory - K/^ V- KKtrm^l^o 
ME (1 OVgg^) ^^epfin-rSt. «T-^iE?L^4=-i'UT0aA*«^-t)> IS3fc 
ij<m^^tl?>o OLED©i&ftli. iE?L^^M^^^^A^n^ciE?L^:m^^^itli 

TFT 2 ©it^J^fiK^^^--^^- hM2 
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fy'J 33 > mmf}^ 'htl^o T F T 2 {i 0 L E D (r $ n ^ mgfgoiiss t 6 

(.>^o zti^(^±i^\m<Dmmmmm2^ift\^xmm\^f^0LEDf3<mm^tix 
T^-r>f :7'v h u c7xm^mELi=>i :^':^iy^i^^'^^x{t. mmmj-tLx- 

fl&iZ:ff'7:^mm±izm^^ntzTFT (Thin Film Transist 
W^ELx-fxyb-f \tWm.X S t V ^ -5 i4^±. ^ o -9- ^ X<iit^6U:^S? t 

W«IEL®cDTy- K (RiS) t LT. ji^JiSBJ^mi^T*^ I TO ( I n d 
ium Tin O x i d e ) T^^Mffi ^ n^A^. I TOIi-iiStc^^E LMt^^W 

?L ^nf^\.^^urfx^m^n^ c: t*^^ < , c ©^-^ i t o liW^E LiiTi^^J^fiR; 

-So 

, T^;i/:7 rXi/U n> (Amo rphous Silicon. ^b^K->U ^ 
» 75l^t,/i:^^#^4:^lg4^)IIS^^)J^ta•^^•:5^^>rU TFT2^J^fig^^.o ^ 

i/'; 3>ic^-^T4^+ •JT^i&S7&-<±^<. Sgfe^®tl:^©;^^^«i:TFT2*flF 
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^MmSl 2 a. W^ELMl 1 1 0 a^MizMt^^ TFT2i:b 

(r. 5^fiX$n/iTFT{i#^®ti^-^t7i^:'c#V>C^:;&^^t»n-Cl>^o Jt 
^6*I:^SCD ;!7- 5 ^ StS± U •> -J =i v T F T ^B^-T 5 {i. ^ X 

S /cai). iia. ±ai b/c J; -5 - If T ^ - >vmt<m ^ - 

dOj^m. l^-SffiJuCJ^^b/^iTFT-et). ^©Vth (HfK) 7b^®^{'^ 
h;&^ti^o<i^m. ftfliO (1) ^t::t«e-:'T. OL EDtrggnS^gg I d s «M 
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X ^ {i. B«^^ ASP J: o T5l 0 ^ n/c^-^mgfc^ By la^ ^^J^ 

■r?>mwkmi^m¥- v mm.^^^ h^yi^^s^ 0ig^(c}^^ $ nr*? o > itrs^ 
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ioW^mLxmmmtL. um^ntzm.&u^^i^^n^^^^^^'^-' ^^^^ 

o twpLxfmum^mt^ ^^uWimz.minM^mm\.xmu^^m^^^^^^ 
m^Az.m.<msit. m.m^^^mmnM^mx^x-m^m^m'^^^tftms^Km.in 
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^m-r -5 *feit y - h M^is^^m b 5 v x *^^"c*J 0 . ^^^^su »i lu^^ 
y- hMm^5amh5>':^xi'©y- hcfPfiD^n^^tmEEb^^'t'^T:;^^^ 

o 

1 0 
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m^nM^ I w> ^©^^TFT 1 xz^L-f^^- Y • v-xramiE^vg s t-r 

1 1 
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I w=/z 1 • Cox 1 ■ Wl/L 1/2 (Vgs-Vt h 1) ^ - (3) 
c:c:-c=S-/^•^p^-i^cD:^?*^*B^IS (l) ^©^-^d^^-rSo OLEDfcijfe 
dry t-r^t. Idrv{i. O L ED tS^JtC^^^n^TFT 

(3) ^<DY g siz-m-r^o-c. TFT 2 f}<m.mmi^xwirfr^t^m-rrnt 

Idrv = x/2-Cox2-W2/L2/2 (Vgs-Vth2)* 

... (4) 

|Vds|>|Vgs-Vthl •■• (5) 

Cd-e' TFT 1 tTFT2 tli. /jN$fj:®^F*3g|JJCi£gE bTJ^B^$n^/ii6 
> 1 =At 2. Coxl=Cox2, V t h 1 =V t h 2 t#X.e)n^o 

-r^t. zot^ (3) ^^c;^ (4) ^^^ib^BKWiT<D^i}<mf)^n^o 

I dr v/Iw^ (W2/L2) / (Wl/L 1) - (6) 
dCT^it-r'^^,^!*. (3) (4) ^{CfclNTx Cox. Vth 

(6) ^{icnt>©^^•5;>^-3'^'^*^^J:^^©•C> I d r v/ I wOffil^Cl tl 
ihcr>lt^r>^iZ^^Ltll^t\f^oCt'Vi^^o M^t^Wl =W2, L 1 =L 2 ^: 
^H-rnt^. I d r v/I w= U irtlt)^ I wi: I d r v t&^I^— Olfi t J^jr^o 
■r^j:t>*.TFTcD#^{i^o#{Cj: ^-r. O L E D {r^n-S^id^^r^ I d r vti 

1 2 
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1, W2. LI. L 2©^^SlIfsr(rJ;oT I wt I d r vOittigSf^j^to'^n 
-5U ^-SlMiTFTl t T F T 2 ©T F TT^Mf C t % "Ttfe-Cfe 

OLEDKmir:iti)<'V^^f}\ MiZ (6>^{rj:nii. I I d r v 

(1) Vwt I d r vir^&^TFTO^-^JCite^^bT^*^ 

nrv^-So CCD^^. t^^*^?>|-e{i (l) sCCtJ^oT. I dr V7&^ Ol^TliOL 

MhX (6) ^-e-^X-^nS I d r v©fii^OLED{C#^*&"C#^o 

(4)^:fel^T{i. TFT2 7&-<iafPM^Tllfp-r'5a:<5^bfc75^ >^5|Hfl{iT 
FT27&<';:=-Tm^-Ci&f^-r6^'^(:iol^-CfeW^-e^^o TFT2 
;&<U-Tm^-ei&ft-r'5^'^li. I d r wtiJ[i(T©^-e^x.t)n5o 

Idrv = At2-Cox2-W2/L2* {(Vgs-Vth2)Vds2- 

Vd s 2^ /2} - (7) 

Vd s 2{iTFT2CDKU'r> • V-XKmBE-e*>$o CC-CTFTl, TF 
T2{ijg^bTSES$nT*JD. -eOi^^V t h I = V t h 2 = V t hT&^^OS: 
o^iCDf-Si:. (3)5C:> (7)^7&>^Vgs, V t h <^?S*-r^ d tT&^T^T 

Idrv = /z2-Cox2-W2/L2* {(2IwLl//zl-Coxl 
• Wl) ^-^2 Vd s 2-Vd s 2* /2} - (8) 

1 3 
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w^'f-:!^mz^^tc^^'V^. (8) 3^;*>^>^*^ I d r v ©liSlit^ < C 

TFT3{C5t/c-o-CTFT4<£-o f i ^Bt-T^ ^ ti)^<^'DMth\,^o 

^S®^IHI^S^C*^V^TIi. TFT3tTFT4(i. I^-^^^S^-T 

nc<v TFT3 tTFT4 tlil^— *7t{i^^<i:^#mi'-<:/-C*>0. ^n-€:'n© 

TFT4 3&^o f f t^^i:■r'5i:•5t::^fiS•r5c:^:*^M*b^^o 

TFT 3, TFT4*^n-en!SiJ0^d£i^(-«}:oT$tIfi3It^^'^<*- ^ 
^ii^iS^T^. ^Si^cDgim::J:oTTFT4^o n^^St «i^^ti-C® 

m^mf^-r^ztf)^x^^o cnti> TFTio^^^-h - k^^>. sic^tft 

2<D^-hf}^mf^^ri^t:itb^ TFT2<Z>y- h^BEIiTFT 1 (C 
n(iTFT20b#V>1ii[{ria{^^bVO tt£0> TFTK TFT2*{rof f 

Miz^ ^Tt^K©*!!-^ (duty) '^m^-r 

ztizx-ox ^^m^ oLED<Dmmm.m^x^<x^^o 

1 4 
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mat. m5 ommi^mzfj^fj^^smmm^^^m vtzm^^mom^m^^-t 

MBit. m5<Dmm^m(Dmj^m^7r^-tmmm'v;k^o 

mi oti. m 9 <Dmm^miz:^i&^^mn<Dmm(Dm^^irm^m'r^M>^o 

mi Hi. m2(Dmmmm(Dm^m^^-tmmm'c^^o 

mi 2{i. m2(Dmm^m.(D^mm^^irm^m'v$>^o 

mi zit. md <Dmmmm(Dmj^m^^-rm^m-vib^o 

mi Ait. m9(Dmm^^cr>^i^m^^-r^^m'c$>^o 

mi 5 it. :i^mmizi)^f3^^mmm^(Dm(Dmm^m.'^^'tm^m'c^^o 

mi Qit. mi 5<Dmmm^(Dmmm^^-rmmm'v$>^o 

mint, mi 5 (Dmmj^m<D$tmm^^-rmmm'v$>?>o 

mi Sit. :$:m^Mizfj^f}^^mmm^(Dm(Dmmj^m^7rii-^mm'v;ib^o 

mi Bit. mi 8<Dmmm^(Dmmm^7f<-rmmm'c$>^o 

m2Qit. mi 9(Dm^iz^\-jr^m^mm^'cmm(Dmf^^no^^^m-t 

S2 Hi. mi 9 (DmmMm(Dmmm^^-rmmm'c$>^a 
m2 2it. mi Bommmmo^^^m^^-rmmm'^ir,^^ 
0 2 zit. 0 2 2(DmmRa^^^mm(Dmmmh'7yi^:^^^mn^mmi^n 

m2Ait. mi Bommmmommm^^^-rmmm-vh^o 

m2 5it. 0 2 z commRtfvt^mmoT^- i^wimiiL^^-tm-c^^o 

1 5 
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EI2 6{i. ^^miz-fPi}^^mmmmoi^ommi^f^^yr^-tm^m-c$>^o 
mv-vy i>y^^ t f t k w^e hm^mtr^^^s.^^^^^^-^^^^^'^^^ 

TFT3. ^2cD^^lis c anBO^iJtatili-^-C^^ii^^^^'-TF'riO 
y^h . KU-r>^^^-rSX^'y5^fflh^>':^^^TFT4. TFTloy- 

LED7^l^t>^'5o 05TTFT3{iPMOS. ^CDflfcO h ^ > i^::^^^ {iNMO S 

S:*^fi*J{r. 4^1^03 (C7&>7!»>'5^^^Sli. ^^^gs c anA^O's c anB^-HlS 
Kt. ^^S^scanA, s c a n B^C^^t^-^^^ d a t a 
. ^^^S^s c anA;&^^S^^n/^B^^^-7=-^^da t a ^tt^MSg I w 
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mmi> v-x. y^zj^^-v^j\^^m^f^^^mmmh'yyi^:^ 

F T 1 © Fl^^ > ty- h t cDKtcif A^tli^cX-r f-ffl/W h ^ Vi^Xi' TF 

© Ku^ h^mme*j{c^^^brv-x^s^t-r6mEEu-<>'U^TFT 
loy-htc^-tfbi^^o X. x^>;.f-ffl^^h5>i?x3^TFT4{i. mffiu 

^J^^5>•:^X:5^TFT2^#^-el^'2>p lgi&fflif)^F5>':^X^TFT2(i. 

■r^mmmi^^^ + ^ b-ciss^^^o led ^zm-to ^t^mmm h ^ > 
x;$^TFT 1 (DY-htmmmmmhyyi^:^i^TFT2(D^-ht^mmizm 

mmi^'r:Mm-r^mmmMmh^yi^:^^TFT \ oiEmizm^^nx^o. ^ 

iX^l^tcJdi^l ©^S^ils c anA. l^2 0^1Ejfi^s c a n B^^^f^St-T^ 

1 7 
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o m^om-Cit^ ^lO^S^s c anA^m,U-<Jl. ^EO^^^s c anB 

c s ^mm-rz> zt\zx^. tfti (rj^jsmist^iKC i wA^ssna 

-Yio^-Y ' KU>f vraliTFT4{rJ:o■cm^e^{C^^^nTV^60-C (5 
) ^T&^fifcSlU TFT 1 lilSfDM^-Cmf^-r^o tJ^oT. ^©y- b • V-XK 
(3) ^-e^x.^n-S^EEVg s;&-«^-r^o lllO^S^s canA 

c anB^^b-<;l'tb"CTFT4^o f f^mtt^o CtKCi: oTV g s 
^SC(rJ:o-Ci*^$n6o ?^JC^l®^Si^s c a nA^i^U^>'U^b-Co f 
timii-t^^h\zXK>. S^HIf^t-T^-^^^da t at*^mm«J{Cii»f$n^ 
CD-C. -ecD^{i7=-:5^i^da t a brSlJ©lf^'^©»^i^'^^^T-5 ^ 

W^ig<DU^;b («f»I;lt^^CD®^0$#a^^x-3^) t^nxm^o TFT2li 
TFTI t>y-hS:C5V-X7i^^ii1^E^$nT*Jt). 7&>o^{C/Jn^ 

ia^bT5^fi£^nrv^s0-e. TFT2 7&^laf^M^'ci&^^bTl^n{^> tft2 

mmnMl d r Y i:fS.Z>. TFT2^ia^n®^-ei&{^^^^(-fi^ ^^^T-OL 

±,uomm\^xn\t. ^%m=^o\.ED\zmn^n.m,i dr v{i^fc<z> (6) ^ 

I d r v= (W2/L 2) / (Wl/L I) -Iw 
T-^;tt>ns TFTcD#'te{it»o^(Cj:^-r. iE5^i(:: I wCit^ bfc1iti:/i^o 
It^J^iJC-e*,^ (W2/L2) / (Wl/L 1) Co^^-C{i. ^«$o*tf^#^ 

1 8 
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m^n.^ I w t bT c CD ck 9 fs:n^ ^ -^i m^m.=^JEm\zm^ir ^ct^mi^ 

l^Ctt<$>^o Z(DX^ti:m^U. m:^it (W2/L 2) / (Wl/L 1) = 1 

/i 0 0 t^i.^x'^i^mm-irrnt. (6) ^-f}^^ iwtvx\ti uhtfiK>. m. 

T^^tri?)f^-r^^'^(::ol>Tt>:*:^»J(i^5C&-e*>^o -r^it)^.. TFT 2*^'; 
) ^ 

Idrv = /z2-Cox2-W2/L2* {(2Iw-Ll/;til-Coxl 

•Wl)'^'Vds2-Vds2*/2} 
-C^^^tl^o -h^{r:fc'l>T. Vd s 2(*^^^^0LED©m«!g-mEE#mi: 
^^^^OLED^JJfgn^SiSfel d r vtrJ;oT^*6o Vddomfit^^^ 
^^OLEDCD#"^7i^-^^t)nn{* I d r y 0^<Dm^tl^o ^ tt^^^o Cl©^ 
I wt I d r v0M^(i> (6) ^0J;9^i:Wni:Jt^JM#(cii/<£«^/j:i^7&-« 

, iwij^^-?L^titi\t. iB) ^^mt^-ri dr vfj<. o LED '^^n^mmm. 

miZ-^l^o (8) J^{r{±V t h7&^'^^nTl>nfV^C t7!>>^. Vth©{it>o# ( 
gf®(*9CD®^l*cDUt>o^^$!lito h^cDti^o^) {ictoT I w ^: I d r V 
cDH^T&^^^^ns c: tUtii^^c tfj<t>fr^o -Tt^t)-^. V t h©{it»o#tcJ: 
e>"r. m^<D I w^»§xiti'C:i:»cJ:oT. Hlf^cD I d r v^»5 t?&^-e§^ 

o dOct^tc. TFT 2^^) ^rmmvmrf^'^^m^it. m^mi^(Dm^izit 

o '€:Oi&flF<&JtUTt'iJ&B3-r§o ^-r. MX - h/N° (VSP) ^^S/:7Mx 

1 9 
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*SB 2 StrA^^^n-So ^dgjfi^^i&HIBSA 2 1. ^^^^ifeHISSB 2 SiiVSP 
^^\^fz'ik. mmi^^yC^ (VCKA. VCKB) {Cf^JK UT^n^n^ I 
SJ^s c anA 1-s c anAN. ^2 0«^s c anB 1-s c anBN^ 
m^^^S^-r^o #f=-3^^da t aC^i;SbTmgfeagCS*^7^-i^^^i&M2 

■rSo /c/iU VCKA(i. VCKBtr^U. ii^IUigS 2 4 J; o T^-Ti^M'il 
M^nTl^-So 0 6 ti^bfcck -5 t::. ^2(0^i6^s c anB^^^ 

1 (D^^ms c a n A(C^S:oT^il^i:/.t^o 

TFT2 a tTFT2bcD2o©b^>>?:?^:5^^it^JJ-^^l^^-^^''^'^'"^' 
«l^tU */c0 5(r*;t^STFT4<&. T F T 4 a T F T 4 b O 2 ocD h ^ 
yi^Xi^^^mzmi^\ytz^':r)l^-hmm^Vfz^(D'V$>^o TFT2 a tT 
FT2 b3lCJfTFT4 a tT F T A h {t^tl^'tlf- h ^^MmWc^tiX\.^^<D 

FT-Cii. {s!i^i!j^0Xf(^m^^^XyiryW(D^)-C7m.mfJ^:K^<^l^^'^^^^^ 

(D^)'-i7\m^ibfl^iy-ii>Xib^o 0 8 ©TFT 2 a tTYT 2h<DXofm^ 

^cD|^l,^;UcDo°pti7i^^<^i:5i:«'^-5 ^ U >y h^^f ^/cTFT4 a tTF 
T4 bCDJ:9^j:«fiE^i:n{i. ^^^^t::^^-^^ 

2 0 
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m^^m^L. i-:>^tc{t2-:>&,±(Dnmhy>i^:^i^ (TFT) itmmmm^ 

v^M^-rS-t*^#m-Cfe6o fii^cD0 5tC:^b/i®^liI8S-e{*. TFTl t 
TFT2CD#ti (V t h^At^cCif) 7&^5tMC:b-r7iMcM/<£ o Tl>'5^'^> jElfit- 
(6) jC;;b<fi5ciC-li:-r> I wt I d r vii^lEm\^\tltm\^^l^^^tmi)^^W. 

FT 1 CDffi. c a n ACD0JfflI(Cj;oT®^Ill6St7=-i^l&d a t 

a t^gl^^feb<{*«r'S h5>i^Xi^TFT3. ^2©^lE^s c anBO 
$iJia(Cj;oT«tii-^^F^'=l'{^TFT 1 ©y- h • KP-O^S^-T'S h 5 > 
Xi^TFT4. TFTl©y-h • y-X^lli£^§§ii^*^7^*>«^-rS/c 

»cii> -&cD-:^©iSi^7&^TFT 1 ©y- htii^^igfe^n. ftfe:^£D^^=-{iGND ( 

j^^tlTV^-So TFT3liPM0S. -?:©ftfeCD h 5 >i^X:5^{iNM0 ST^B^b 

!^h5>i^:;^3^TFT 1 ^ri^^s-tufitjtr^fflbti^^o BP^. mmmi. m^n^m. 

2 1 
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mmt. mmm&i^U'^t^mM^ h ^ > i^:^ ^ t f t i Lx^^m^o l e 

ix;5^^(r(±^10^^^s canA. ^ 2 O^^^ s c a n B ^^^^^^^^ 
o SI OOe^JTi*. ^lCD«^scanA^<£U-<^K ^2cD^^^scan 
B^J^U-<;l'tbTV>-5o cc-Cf^-i'if^da t a{r^?>SffiIw©mSfei^.CS* 
gg^-r-S^^ Iw7i^^^^^^OLED^^bTi5Sn6©^K<-/-^i6{r. 
OLEDOry-K^AU^^^^-OLEDTi^of f^^P^^^^^i:■5^::^S^^^^ 

WTi^Sfen^o TFTloy-h- KU^yKtiTFT4{rJ:^-cm^ 

6«JtC@j^$nTl.>50-C (5) ^7&^fiKSCU TFTKilSfllMJ^rllft^^p 

oT. -&©'!7'-h • v-;=^r^{::ti (3) ^x^K^ti^n&N^^if^^-r^o rK 

(C^lCD^SI^s c anA. ^ 2 CD^SifiS s c a n B ^^^»?t^^^ i^b 
*-r^2 0^S^s c anB*<£U-<>'Ufcb-CTFT4^o f i^^hiT 

is'scanA^i^U^;l^i:b-CTFT3^of ft^SSt-r6CttCj:t). 11^0 
tei:T=-:5^^d a t a i:;&^m^6«ltrjg®f ^0'#«-r-:S^(«d a t a 

mSSI wirbT^^f 6-r-^{i. ^2cD^^^s c a n B t /.£ ^ 

^^nrm^o ^t^-c. ry-mA^i^u-^^i^t-rso tfticdys 
s {i^s c (c J: o ^ nT^^-5 o-c. T F T 1 t^m^mxm'^ bTv^nu 

. TFT 1 ^gfLn^mfiicti (3) ^©Iw{C-ScU c:n;&<EPt>. ^^^^OL 
EDtrgSn-SramiJSI Ar^hfL^o o*f)^^mJS?tIW7&^5l3t^^^OLED 
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J - mAiz^^n\t^^-o ±^<Dmmi:^^rnt. ^^m^^oLEDiz^n 

tiXl^^-yj. TFTl©FU"r>t5l5t^^=-OLEDO:^7V-K (l^S) t<2> 
B5{CP^ + :J^;l'b^>':^:^3'TFT5 7&^^fA$nTl>ao TFT 5 oy- Mi. 

^mmmit-^mm^tifcm^md r v-e^jtai^nso TFTs^ifA-rsafiiJii 

. y=-:^m^i^^mmmmd r v^i^U^^l'tUTTFTB.S-o f f 

:^m\tmytm'^o led t^mzmi^^ n/cT f t 5 ^^❖^ t f t 5 ic^x. 

o ^J^ft-^{±. ^lEifis can t^ni^Wtiff^Wimd r v ^rrt^ UTI^-^^^ 
JitD^lI^IC^^n'STFT BOy- btr^X.^n-So :*:^"Cti. ^^^^OL 
EDirTFTl tO^tcTFT 5 7&<»A$nr*J t). T F T 5 oy- hmti©$'J 
^{ri:oT. ^:)fc^-?0LEDfCgfnn^^g^^:t>/^:7-r6- t7&^T§^o ^ 
fij J; n ^mmfJ^^^-r ^ © li^^tMia^^ (CJ:oTTFT5 7!;^:t>bTV> 

^mm^x^^o ^(D:t-ymrs^T -yu-i.omm^Tt-r^t. mm 
«&s -c-sr^p^-r 5 t -e ^ ^ o 

2 3 
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b-c^^^^^o LED '^^m^ikmi-m i^tymat. mWimzmmm^u^^ u 
x^^m^o LED ^m^^m\zm < ^m^om^^mm lt. ^mmomm 

^ctiz^o mms.-:>^^izm^^nm^mmt^ c: tfj<^mx^^o ^\zmw^ 
l<x\^o m^\t. otr-rst. ^ismss^i o<g(ibTfe 

m\2u. m^iz^^Lfzmmm^omcD^mi-v^^o mi tfti 
CD F U'>r > tm^m'f'O l e d©:^ v - k tor^tcT f t e Tb^jf A$n. t f t 

canB^z^^xmm^nn^^o TFT7(Dy-:^tGNDm^t(DmiZ\tn 
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G N D ^i: V ^ bft mti) tUrOLEDtr mmii^mM I > J: 9 b fz^m-c 
SgIW7&^TFT.lSa*TFT6^2fEnSo i^TFT*. h • V-X^Ti^-tn 

-enTFT43tc5TFT7{c<fco-c^*&^nTi>so-e. saw ^i^-ci&f^t- 5 o 

2)Cf'^l®^^^s c anA, ^ 2 O^lE^ s c a n B ^#^^t^S ^-T^o C 
ntr J: oT^fetcT F T 1 SO-T F T 6 iZ^l^fzV g s ^<^mC^l^mm^MC 2 

(rj;o-c^n^'n^^^n^o j:k(cm i s c anA^o f f^mt-n 
ry- mA^i^u^^i't-r^o tft i ©vg s (i^MctCckoT^^^nx 

V>5©-e. TFT l7!r5|a5BiM^-Ci&f^bTV>nti. TFTl^SfansmiiSti (3 

o 

U/icfc -5 tc. ^^mSS I w t ^5fc^^^0 LED O^i&mSSti^fwT F T 1 (C J; o 
r^*^OT% (3)^. (4) I w= I d r v-C^^ofco /^/iU 

liTFT 1 ^ijftn^smtjfei d s7&^ ^&fPM^^::*^v^-c (1) ^"e-^x.e>ns^'^ 

. f ACt)-^ Id s:6^Kb^> • V-xr^mEEVd s {r^?^ b^XV> t LTt^-^r^) 

b^i^-stcmno vg s7;>^-^"e*>oT*>> Vds7&^:^^ 

ds;&^:^§<'^i:^%^*^*^o cm*, V d s < /j:^ c 
Ku>r>iS^of>^:e- >'^;&^v-x<H!i-^^i&U ^^eti^irf-t^^'i^^A^^^i'^-^ 

So 
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Ids=x/-Cox-W/L/2 (Vgs-Vth) ' * + A -Vds) 

- (9) 

^ I wt I d r vil4— Sct'JV^o 

ffiMI^CDKU-f V«tt<OSJ*<i«''^«-^> TFT6CDVd s t,:«C#<'it). -ft*- 
d s BffiMBf o^*^«l)P^.5= S^^SI^nii I w J: 0 I d r v*<*:# < tW 

»-rSo cffl^«TFT6fflVgs«/hs<ttO, cniii dr v«/J>s<-rs 
) i4±#<R»-ract*<-c*-r, tft i cftsi-nii. s*ii*i*te««# 

t-CI ds**t<14^i^^.'i«'^-t*'^*^«° -r^ii^^^ Iwtl drvtS< 
F T 1 , TF T 6 *i:V d s I d s 0«fftt*/h* < "T 5CDA^ai>fflT 

«ff S«*I=I4, 5Sft«^ O L E DToaEF?T*#lSUr fci«TF T 6 A^ISW 

Xna, ^*«^^OLEDC«n5SiiSiI drvli, TFT©#eiie.o#ICJ: 
H9 0«MiMJ:t)iEWCIwi;-i!cr5= ElJiO i 5 ir*M®ffi»Slil4, 

^»ffl»R h 5 > y;* i' T F T 1 *aor o led izsttum&^ma 
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mzvfzvu^ yoi>m^^m^<t-t^m^m^^^tLx. tftg. tft? 

;fe^JcDli^llI!?«{i. TFTlCDfifc. ^ 1 O^^^ s c a n A©0J^(r J: o-CM 
^miS^x-i^^d a t a i:^Jtifet>b<{iiiKf-rS h 5 > T F T 3 . ^ 
20^SJ^s canB©M^t^J:oT«^i2.^^K^»^TFTlcDy-h • Kb 

^y'^mf^-r^hvyi^y^^TFTA, tft i ©y- h^ii^> «§ii^^T 

^t>^^-r^/^J6®^fiC. TFTlcDKU-f Vt^^^.^tiVd d tomizWA 
$n/cPf-i'^;l^h5>i^:=^r5^TFT5. Sa^^3fc^i^0 L E Dt&^^^So 01 

TFTlOVgs^tttal^b^SlC^^^^o f^S. T F T 5 OY- h d r 
VC0J^$n^o TFT5^#A-r^i60{i. x-3^S§iA*l^i;:^i&^dr V 
;&i^U^;UtbTTFT5<&o f f t^^tU I w^-T-^TT F T 1 

gg^dir-e^^o ##iA.^?&^*^Tb/i:^> dr v^^SU^^l'irbTTFTS^o 
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^h^>'>^X^TFT2CDy-hi:^2 (D^^m scan B (r^^ t/ci&Jn^» 
C 2 7&> 0 . b ^ > ^ T F T 2 ©y- h {rBlfin-r S3%^*C (^^^^ 

(r^JO^X.-C^^^^^t-T'Sl^tr. ^*C2(D{^fflT'TFT2 0y-hmii^^^ 

s c a n A mm^mmt ^tz^^l^mmn^^^^^- a t a t:^^^'^ 

^^^^OLEDt. ^^ms c anAtrJ:oT$fr^^nfiox-3^^da t a ^^ 

. « t ix i titzwrn^nm izm ^^^^p 0 l e d s sgfei^^Jfis-r ^ 
ssi^^ (TFT 2) t^-k^^ ^mm^ommmnom^i^^^it. M^ms c 

2 8 
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TFT3. C) ,:J:oTS*ii*n/i»K«SmiaSUTffi«#R(TFT 

2) c«*s-r.5iafg#s (C2) «#^•cfc-*), *b«©«¥Ko«u'<^1'*5I# 

01 7(401 5i:*l.fcW^lflIK®^»««"^**° *fifl-ei±. «SS#Wli. T 

FTiicJ:oT«»*nfcSEU'<^i'«^*ci;»»t-5Bt. s«cffl-«om 

wffli-r*. ®tts<iw»si4»#ii^^ft:" H" u'<A.tu stji*»Ta" l 
' u'^At-rSo s««AVs, TFT2oy-K:#ft-r5sa 

*c/ (c + cp) fc-effiTu vgs7ivjNS</i«o H. Lmetffl»Mtti4e 
)Rami»K b 5 > y 3' T F T 3 acKx-f h 5 > y ^ ^' T F T 4 

-*Si''f:/ (0 1 8-Ct4PMOS) tbTV^io -et-t^M-Cli, 0 1 SCTT! 

u *a0«*-cffl«if sc:t*.^ffit?«*» i(Z)S^ffl««sat4, 0 7ir» 

-r«S^SI«f:fcf*5*SS8ffi»lHlliSB 2 3*<:f»-e*5« 

0 1 9(401 8(:*bfcS«IaIKffla»e'J-e*«, *««-e(4, 0 5, 0 8, 0 
9, 01 1-01 7lc*Ufcim»tra»l=> H-»S^"f:^P^^'*^^TFT7!l^ 
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^^TFT4cDy- h^^n^-nm^^^^^m. bp^.^i®«^s can An. 

M^i^mtLX. mi B(DX^izi^-^md3itaii^FNPhyyi^:^i^BlF 

yi^x^ I B I p 1 (Dmm.mmm^/3t^^t. v^yi^^^B ipioau^ 
I p i\tiii^^m.mmthxm^u ^-^^da\ atriiiw=^ i bo 
y>xA^±#-r^a:7=-i^^^®^<iA^-t^l>"^^^^> h5>-:^x^B I p 

tJfeo-C. TFT3 tTFT4^SlJ^©^t^i^> BPt,^n-en^ 1 ©^S^ s c 
a n a/^ 2 Oit^m s c a n B »r J: o T01tffl *#iA^I3^T^Jr liT F T 3 
tr^fey-f oTTF T 4 ^ o f f ^^P^irt- -5 C t^i^ J: bV>o ^^^Jt^^^®^ 
m^irfcv^-Cti. TFT3^TFT4li. Mb/c^MO J: -5 (Cl^-^i' ^ 
-C^ ^i^l^^ti^i: < . T F T 3 i: T F T 4 t vm-^fz. (i^^C 6 #^^5^ :/-e*> D 
. -en-enoy- h^s c anAZItC^s c anBtl^9SiI^O^S^tri:oT*rJ 
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^fc^ TFT 3. TFT4*^n-enSi]iD^^*^s canA> scanBtcJ; 

TFT4^on:i^^tu m^mm^xmm^mi:!^ ^ ^ i^^^-^^ -^f*> 

TFTlCDy-h • KUH'y. SiD^TF T 2 cDy- hTi^^i^^n^jti*. TFT 
2 0y-bmBEliTFT 10btV>1it (c:niiTFT2®U^l^iet;:(a;f^bl> 
) fcAtO. TFT K TFT2*(Co f f t^Si:^«i:^75;^^-e^>^o ^ 2 cD s c a 

nB(DiSJ^{i> 02 0 (b) tr^-r<J;9tr. .NVPxt^of^tt-m^^^^-cfe^i^ 
u 02 0 (c) tc^^scanB' <o^^ izw^mtmnm^^^^r^i^i.- 

o 

Hic. I^bBt^Wl^]s^^#^-<'^^'^^ (duty) ^m^-r 

C t J; o T 1^7^^^=- OLEDOigi5m?Si£^:^^<"e^^o c ntifiP -e: n/i \i 

ttz^ 05. 08. 09. 01 1-01 sx^^Lfzmmtmmiz^ 01 scdiu 
^^/i 'S^m^' >r UTv>^o m^im^mmm h ^ > i^x t f t 1 ^^Nf- 

fljjiAmrlfl^h7>':?X:J'TFT3^Pf- + ^>'l':5'^:^tl> 

3 1 
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A if CO .^-CWI i:<t 5 o 

*C-e, 01 9®fifl-C.4T«TFTlA<NMOS 
•Cfc-5®i:«U TFT3*PMOST«SRbT, TP T 3 -eOSffif*T*/h^5 
<«I^T^^5„ BP%TFT3-C©aE»Ttt, S#ii«aia I wCD«A^«:fe© t 

«nC#oTTFT3®y-h • TFT 3© 

If >t^-y>X«T*^53JlSa™t-«, cni:S*U fcUTFT3*^NM0S 

TFT3ffl'f>l^-i'>^«-t»l'^^*^^' f^-i-SiafficD-tff* 
S#Wo R«(c;TFTl*PMOS-e«jatfc®^tiTFT3l±NMOS 

fits. TFT4 0»Si"f7-|4, TFT3tl^b-et.*tto-Ct.*m«At«fiE 
A^pTSe-t?** 1^ 1 ®*««* s c a n A t» 2 scan 

02 11401 9tr*bfc«fsraK®s)^«-c**o *e^cA^*>*■^ilKl4sp 

TFTlOf-^^'^n (W) ^:5^ + *^^ft (L) l5JtW/L*B«>M«« h 9 > 
yxi'TFT20W/LJ:f);)C#<K«UTI.>5.«*^Ml 9©0KtS<£5o C 
®J;^ICTFTlfflW/L*TFT20W/LJ:?)**<SS-r5igai4^ 
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®1>-fXl 0 0 [win] XI 0 0 [*«m]=le-8 [m«],?l*«*2 [c 
d/A] t-rst. «:^c«KI*ffl5S3t«^^OLEDffl«»Sffil42 0 0 xl e- 
8/2=l/iAt<t.5. 6 4KiB*WilObJ:^t^5i^ ft/MigHSlciea^S® 
«««1aA/6 4 = 1 6 [nA] aitt«t)> c:©J;^<t/hS^t«««*iEBS 

02 TFTlfflW/L=l 00/1 0, TFT2CDW/L = 

5/2 0tt-nii, W/L©tt*<4 0t/Jf), 1 6nA®0LEDffi»S»*» 
a t a '^ttfSii*^*'* 1 6 n AX 4 0 = 6 4 0 

T F T 1 -f T F T 2 A^aSt® h 5 > y >^ J!l^ e.tfE5«^t4, *S(lW<CW/L 

0 2 2 140 1 9 trS5UfcliIK©»B«-e«5o *iii«IBIKI4, *r-^'»d a 

i4fii,>i«H*^!eJ5-c*5o raj *«§jxtftv>^oi4TFTiicJ:or, 

3 3 
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i^^^LEKU =af*6^{r{±NM0S VgtbTti-^ 
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thi JBi±{cji#u ^(Dmtm^ih^m.m\wtmmp^ni(DTFTomi^t(D^< 

o 

fc#^JCDllIgSt^^«i:t). TFTl tTFTZOmm.i^^^^Ff-'^^^^^^'^ <^ 
PMOS) trJ:DlifiKl^TV>^o ::ntc(^l>. ItJ^bfcSfiir J: 19 T F T 3 
FT 1 t^^j:'5^mi''l':/'e*>'5N^i'^^l/;5^-ry (NMOS) fcU */^^<J®I 

NMOS) tbT^lB^bTV^^o 
02 6{illlSS{r*Jl.^T. TFTl. T F T 2 h 5 > i^:^^ li^l^^^O L 

fj<JEm\Zitm^ ^tcHblZ It^iZ^^^fz J: -5 tr T F T 2 ^IfefD^^-Ci&f^ ^ ^ 6 O 
;&^M*bl.>o NMOSOJ^-^. KfpmBE^I^l±^-&^^-i*{-LDD (Ligh 

tly Doped Drain ) mM^ :i tt<-f&^'Vh^iJ<s CO^^L D Dtr 

3 5 
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n.X. |E8iffl»iffih5>yxfTFTltB»ffl«KI-5v;^X3'TFT2 
t«- PM0SICJ;'3«BK"S"*-t*''»*^"''° 

fc5«fC. CCOEBCfct^-Cfe, TFT3tTFT4t«ra-*fc«*<t** 
Si' ^-C J: < -en-ettoy- ^ l scan AStf0 2 

s c anBt^^^g«*cDftaji!l.rJ:-,-C«ffl^Fn, .^ii^t^T^CIiTFT 3 
r5£/'oTTFT4*<of fttSStSnS. 0 2 l.cHa«y-CUi»Bbfc 

(W/L) *TFT2ffl-!>-fXJ;?):«cS<89:«-r«-t*^a*l'''^» 

m I wciEjscit« (* fclim) -rsffiKss I d r V*. sffie»a®5s* 
*^«iaEL«^^/iif) c»^ct*^^tB-c*«, c<oj:a«aas««i3«s* 

»lfC36*^5*« C t SCOT, iS(iae<tT?5'-f h -J ? 
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3 7 
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1. mW}MmmW}m.^^m^i^ir^m.mMW}m^'^$>-ox^ 

IS b f^m.^ u^ji ^^-r -s m^n^mmi^ $ n ^ m'^w 

set. 

m^m 1 iBmom^^sd^o 
B^siffl h ^ > X (Dm 1 ^^c^ii^ ^ m 2 fj le^^i^ (c^^ ^ n 

3 8 
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m^m 1 ^wi.(Dm.mmmm^o 
6 . Btfis^eiffl h ^ V X ^ cD^mM t luiaajiiffl h 5 > x ^ o^mM^i^ 

m^m 7 ^m(Dm^mW}^^o 

3^ 0 h 7 > >^ 3^ -9- ^ ^ ^ 0 ^ ^ < s9: ^ ^ =^ ^ ' 

3 9 
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1 0 mm<^m.^^Mmmo 

ij<m^mmm v^yi^:^^ r^mm^n. m 2 m^i^mm^mWiMmzm^^tifcm 
m^m 1 5 Bm.om.mmmm^o 

u ^;l.^^^Yb-r S a6 {r . Itr^^mffl h ^ > >^ ^ ® v - x U K u 

1 4 w.m(Dm.mMW}m^o 
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2 2. mmMmimmm.m=^mii&-r^mm,mmmm'v^^x. 

4 1 
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if 2 3 BffecDmSS^l&llISSo 

4 2 
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m^m2 smm.ommmmmm6 

2 6. ^^mt. 

-5 

it^^ 2 6 Eao^^^go 

Sf^^ 2 6 ^IgOg^^Bo 

n/c^ 2 CD b 5 V i?:^ ^WT S 

m^m 2 8 ^ifeo^^^go 

3 0. mmm2(Dh'^>i^:^i^{t. m^y^-^^mmi^^n^m^^mm^A 
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